Asia contribute significantly to the global budget of atmospheric Hg. However, due to the lack of 19 reliable data on the source strength, large uncertainties remain in the emission inventories of Hg in 20
3
1 Introduction 6 automatic permeation source injections, and the internal permeation source was calibrated every 154 3-6 months (Fu et al., 2012a) . Atmospheric TGM in general consists of GEM and GOM. In most 155 cases of these study, GOM constitutes a small portion of TGM (<1%, (Fu et al., 2012a) ) and a 156 large fraction of GOM was expected to be captured by the sampling Teflon tube and soda lime 7 Asian outflow events (Jaffe et al., 2005) . Subsequently, correlation slopes between GEM and other 189 trace gases such as CH 4 , CO 2 , and halocarbons were also developed (Slemr et al., 2006; Brunke et 190 al., 2012) . These methods base on the assumptions of no chemical and physical losses of air 191 pollutants, constant emission ratios and constant background of air pollutants during atmosphericGEM/CO 2 into three regions, and GEM/CH 4 into four regions (Table 1 ). Histograms of GEM/CO, 267 GEM/CO 2 , and GEM/CH 4 slopes for the identified source regions were displayed in Figure 3 . 268
Most of the correlation slopes followed a log-normal distribution (Table 1) . Hence, geometric 269 means of the correlation slopes were used throughout the paper. 270
The geometric mean correlation slopes of GEM/CO for mainland China, South Asia, 271
Indochinese Peninsula and Central Asia were 7.3±4.3 pg m -3 /ppb (1SD, n=37), 7.8±6.4 pg m -3 /ppb 272 (1SD, n=40), 7.8±5.0 pg m -3 /ppb (1SD, n=34), and 13.4±9.5 pg m -3 /ppb (1SD, n=6), respectively. 273
The observed correlation slopes in mainland China were associated to air masses originating from 274 northwest, southwest, central, and southern China (Figure 4 ). The trajectories were simulated for a 275 period of 5-day and therefore are expected to pass over most the mainland China because of the 276 length of trajectories. As a result, these observed correlation slopes of GEM/CO for northwest, 277 southwest, central, and southern China were likely representative of the emission from a majority 278 of areal coverage of mainland China. The correlation slopes of GEM/CO observed for South Asia, 279
Indochinese Peninsula, and Central Asia are also representative of these regions as the air masses 280 passing over a majority of these regions (Figure 4) . 281 GEM/CO correlation slopes were comparable among mainland China, South Asia, and 282
Indochinese Peninsula (means range from 7.3 to 7.8 pg m -3 /ppb), but nearly twofold lower than 283 the mean for Central Asia (mean=13.4±9.5 pg m -3 /ppb). This trend is consistent with the 284 anthropogenic emission ratios of GEM to CO in different regions of Asia. Based on the published 285 anthropogenic GEM and CO emissions inventories in Asia (Kurokawa et al., 2013; AMAP/UNEP, 286 2013; Wu et al., 2006) , we calculated anthropogenic GEM/CO emission ratio to be 7.2 pg m -3 /ppb 287 (5.8×10
-6 g/g) for Central Asia, which is significantly higher than those for mainland China (2.7 288 pg m -3 /ppb (2.2×10 -6 g/g)), South Asia (1.6 pg m -3 /ppb (1.3×10 -6 g/g)), and Indochinese Peninsula 289 (1.5 pg m -3 /ppb (1.2×10 -6 g/g)) ( Table 2 ). Although correlation slopes of GEM/CO were also 290 likely influenced by secondary emissions of GEM (Jaffe et al., 2005; Slemr et al., 2006) , the higher 291 anthropogenic GEM/CO emission ratio in Central Asia partially explains the elevated correlation 292 slopes of GEM/CO in the region. The GEM/CO correlation slopes for mainland China were 293 slightly higher than those (4.6-7.4 pg m -3 /ppb) for Chinese outflows observed at Hedo Station, 294
Okinawa, Japan, Mt. Bachelor Observatory (MBO), West USA, Seoul, Korea and coastal flights 295 observations (Jaffe et al., 2005; Weiss-Penzias et al., 2007; Choi et al., 2009; Pan et al., 2006; Friedli 296 et al., 2004) , but slightly lower than values (8.0 and 11.4 pg m -3 /ppb) observed in the air masses 297 originated from and/or passed over eastern China (Friedli et al., 2004; Sheu et al., 2010) Germany to Guangzhou, southern China (Slemr et al., 2009; Slemr et al., 2014) . The difference 300 between the present study and literature values may reflect a regional emission difference. The 301 correlation slopes calculated from the observations in mainland China were associated to air 302 masses originated from and passed over northwest, southwest, central, and southern China (Figure  303 4), whereas those estimated in previous studies were associated with the air masses in eastern 304
China. Furthermore, there may be impacts from recent changes in atmospheric sources of GEM, 305
including the decreasing contributions of GEM emissions from domestic coal, agricultural residual 306 and forest burning emissions to the total anthropogenic emissions in mainland China during the 307 Indochinese Peninsula, and Central Asia except the GEM/CO correlation slope (5.0 pg m -3 /ppb) 311 for the outflow from Indochinese Peninsula reported by Sheu et al. (2010) . 312
The geometric means of GEM/CO 2 correlation slopes for mainland China, South Asia, and 313
Central Asia were 248±119 (1SD, n=25), 270± 164(1SD, n=21), and 315±289 (1SD, n=13) pg 314 m -3 /ppm, respectively. The GEM/CO 2 correlation slopes calculated from the observations in 315 mainland China were associated with air masses originating from northwest and southwest China 316 and from central China ( Figure 5 ). The GEM/CO 2 correlation slopes associated with trajectories 317 transported from South Asia predominantly came primarily from Pakistan and northwest India, 318 covering a large area of Central Asia ( Figure 5) . The values of GEM/CO 2 correlation slopes also 319 vary with regions, with the greatest geometric mean GEM/CO 2 for the Central Asia. The spatial 320 pattern of GEM/CO 2 slopes appeared to be consistent with the anthropogenic emission ratios of 321 GEM to CO 2 in Asia. Taking the anthropogenic emissions of GEM and CO 2 into account (Wu et 322 al., 2006; Kurokawa et al., 2013 ;AMAP/UNEP, 2013), GEM/CO 2 emission ratios of anthropogenic 323 sources were in the order of 5.1×10
-8 ton/ton in Central Asia and 4.2×10 -8 ton/ton in mainland 324 China, and 3.9×10 -8 ton/ton) in South Asia 325
The geometric means of the correlation slopes of GEM/CH 4 for mainland China, South Asia,ratios were calculated in mainland China (26 at the WLG site and 15 at the XGL site). The 329 correlation slopes of GEM/CH 4 at WLG were associated with the air masses from northwest 330
China and those at XGL were associated to the air masses from Yunnan province, southwest China 331 Friedli, H. R., Radke, L. F., Prescott, R., Li, P., Woo, J. H., and Carmichael, G. 
